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1
LASER DIODE

CROSS REFERENCES TO RELATED
APPLICATIONS

This 1s a Continuation of application Ser. No. 13/067,595,
filed on Jun. 13, 2011, which contains subject matter related
to Japanese Patent Application JP 2010-153770, filed in the
Japanese Patent Office on Jul. 6, 2010, the entire contents of
which are incorporated herein by reference.

BACKGROUND

The present disclosure relates to a edge-emitting laser
diode.

In recent years, a blue-violet laser diode using a nitride
compound semiconductor 1s widely used as a light source
for a hugh-capacity optical disk, and a very-reliable device
with a higher output 1s being developed. In an edge emitting,
laser diode of this kind, however, induced emission occurs
strongly in the center of an NFP (Near Field Pattern) where
the light emission intensity 1s the highest. Consequently, a
phenomenon (hole burning) that carriers injected i the
center of the NFP recombine particularly quickly and gain 1s
saturated occurs. When such a hole burning phenomenon
occurs, the horizontal transverse mode becomes unstable, it
causes decrease 1n the kink level 1n the L-I (Light output-
Injection current) characteristic. Such a drawback occurs not
only 1n a laser diode of a gain guide structure but also 1n a
laser diode of an 1ndex guide structure. Therefore, when the
kink level decreases, a stable high-output laser diode 1s not
realized.

As amethod of stabilizing the horizontal transverse mode,
two methods are employed 1n a ridge laser diode. In the first
method, by decreasing the width of a stripe (current path),
carriers are diffused from the end of the stripe to a center part
to thereby suppress hole burning. In the second method, by
increasing a light loss on the side of the ndge, a high-order
horizontal transverse mode 1s prevented from having a gain.

SUMMARY

The first method, however, has a drawback such that, by
decreasing the stripe width, the drive voltage increases and
pulsation occurs. It also has a drawback such that 1t 1s
difficult to control the stripe width at the time of manufac-
ture. On the other hand, the second method has a drawback
such that power consumption increases at the time of high
temperature and high output due to increase in light loss and
reliability deteriorates due to heat generation. Consequently,
a method of improving the kink level other than the above-
described methods 1s being demanded to realize a high-
output laser diode having a stable horizontal transverse
mode.

In relation to the disclosure, Japanese Unexamined Patent
Application Publication Nos. H09-45989 and 2000-174342
disclose techniques of making impurity concentration
uneven. In Japanese Unexamined Patent Application Publi-
cation No. H09-45989, a low-concentration doped region of
3x10"” cm™ or less is necessary in a cladding layer second
closest to an active layer, and the semiconductor material 1s
limited to AlGaAs. Since Japanese Unexamined Patent
Application Publication No. 2000-174342 1s directed to
improve crystallinity of an epitaxial layer 1n a light emitting
clement on a substrate of a different kind, a cladding layer
of generating 1nitial, that 1s, a layer which 1s furthest from an
active layer 1s demanded to be undoped, and 1t 1s different
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from the present disclosure. The techniques are not replacing
the first and second methods and do not realize a high-output
laser diode with a stabilized horizontal transverse mode.

It 1s therefore desirable to provide a laser diode with an
improved kink level 1n the L-I characteristic and capable of
obtaining a stable high output 1n a horizontal transverse
mode.

A laser diode according to an embodiment of the disclo-
sure includes an active layer made of nitride I1I-V compound
semiconductor containing at least gallium (Ga) 1n 3B-group
clements and at least nitrogen (IN) 1n SB-group elements, an
n-type compound semiconductor layer provided on one of
faces of the active layer, and a p-type compound semicon-
ductor layer provided on the other face of the active layer.
A region closest to the active layer, 1n the n-type compound
semiconductor layer 1s a high-concentration region whose
impurity concentration 1s higher than that of the other n-type
regions.

A concrete impurity concentration in the high-concentra-
tion region lies within a range from 3x10'® cm™ to 1x10~!
cm™ both inclusive.

In the laser diode according to an embodiment of the
disclosure, by the existence of a high-concentration region
on the side close to the active layer 1n the n-type layer, the
hole burning phenomenon in an NFP center portion 1s
suppressed, and the kink level of the L-I characteristic
Improves.

According to the laser diode of the embodiment of the
present disclosure, by setting a region closest to an active
layer, 1n an n-type compound semiconductor layer to a
high-concentration region whose impurity concentration 1s
higher than that of the other n-type regions, the kink level of
the L-I characteristic improves, and a high-output laser
diode with a stable horizontal transverse mode 1s realized.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary, and are intended to provide further explanation of the
technology as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
turther understanding of the disclosure, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments and, together with the specification,

serve to explain the principles of the technology.

FIG. 1 1s a cross section illustrating a structure of a laser
diode according to an embodiment of the present disclosure.

FIG. 2 1s a diagram 1llustrating a doping profile of n-type
layers 1n the laser diode of FIG. 1.

FIG. 3 1s a diagram 1illustrating a band profile of a
conduction band.

FIG. 4 1s a diagram 1illustrating stripe width dependency
of a kink level.

FIG. 5 1s a diagram 1llustrating a band profile of a laser
diode of a modification.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1

Modes for carrying out the present disclosure will be
described in detail below with reference to the drawings.
The description will be given 1n the following order.

1. Embodiment (blue-violet laser diode)

2. Modification
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|Embodiment]

FIG. 1 illustrates a vertical-sectional structure of an
edge-emitting laser diode according to an embodiment of the
present disclosure. The laser diode 1s, for example, a blue-
violet laser diode of about 400 nm used as, for example, a
laser for reproducing or recording/reproducing a BD of a
personal computer, a home-use game machine, or the like.
The laser diode has a structure in which, for example, an
n-type cladding layer 12, an n-type guide layer 13, an 1-type
guide layer 14, an active layer 15, an 1-type guide layer 16,
an electronic barrier layer 17, a p-type superlattice cladding
layer 18, and a p-side contact layer 19 are stacked in this
order on a top face side of a substrate 11 made of n-type GalN
with a bufler layer (not illustrated) in between.

The substrate 11 1s made of, for example, GaN to which
silicon (S1) or oxygen (O) 1s added as n-type impurity. The
bufler layer has, for example, a thickness of 0.5 um and 1s
made of n-type GaN to which silicon (S1) 1s added as an
n-type impurity.

The n-type classing layer 12 1s made of, for example, GaN
having a thickness of 0.1 um and to which an n-type
impurity 1s added. The n-type guide layer 13 1s made of, for
example, AlGalN (Al content 1s, for example, 6.5%) having
a thickness of 2 um and to which an n-type impurity 1is
added. For example, the n-type impurity 1s a 4-group or
6-group material such as silicon (S1), oxygen (O), germa-
nium (Ge), selenium (Se), or sulfur (S).

In the embodiment, the n-type guide layer 13 closest to
the active layer 15 side in the n-type layers between the
substrate 11 and the active layer 15 1s a high-concentration
region whose 1mpurity concentration 1s higher than the
n-type cladding layer 12 far from the active layer 15, thereby
improving the kink level. The reason will be described later.

FI1G. 2 1llustrates an example of a concentration profile of
the n-type impurities in the substrate 11, the n-type cladding,
layer 12, and the n-type guide layer 13. The n-type impurity
concentration in the substrate 11 and the n-type cladding
layer 12 is about 1x10'® ¢cm™ and, the n-type impurity
concentration in the n-type guide layer 13 1s, for example,
about 1x10'” ¢cm™. It is sufficient that the n-type impurity
concentration of the n-type guide layer 13 be higher than that
of the n-type cladding layer 12. Preferably, the n-type
impurity concentration of the n-type guide layer 13 1s in the
range from 3x10'° cm™ to 1x10°" ¢cm™ both inclusive.
When it is less than 3x10'® cm™, the effect of kink sup-
pression is not displayed. When it is higher than 1x10°'
cm™, formation of mixed crystal or crystallinity may dete-
riorate. More preferably, the n-type impurity concentration
of the n-type guide layer 13 is in the range from 5x10'® cm™
to 1x10°' cm™ both inclusive. In the range, an effect of
increasing the doping concentration 1s sufliciently displayed,
and deterioration 1n formation of mixed crystal or crystal-
linity 1s suppressed.

The 1-type guide layers 14 and 16 have the function of
optical confinement. The 1-type guide layer 14 has, for
example, a thickness 01 0.010 um and 1s made of Ga,In,_,N
(where x=0) which 1s undoped with impurity. The active
layer 15 has, for example, a thickness of 0.056 um and has
a multiple quantum well structure of a well layer and a
barrier layer made of GaxInl-xN (where x=0) of diflerent
compositions.

The 1-type guide layer 16 has, for example, a thickness of
0.010 um and 1s made of Ga,In,_,IN (where x=0) which 1s

undoped with impurity. The electronic barrier layer 17 has,
for example, a thickness of 20 nm and 1s made of p-type
AlGaN (Al content 1s, for example, 16%) doped with

magnesium (Mg) as a p-type impurity. The p-type superla-
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ttice cladding layer 18 has, for example, a superlattice
structure 1n which a p-type AlGaN layer doped with mag-
nesium (Mg) as a p-type impurity and having a thickness of
2.5 nm, and a p-type GaN layer doped with magnesium (Mg)
as a p-type impurity and having a thickness of 2.5 nm are
alternately stacked. The p-type superlattice cladding layer
18 may have a modulated doping structure of only an AlGaN
layer or a GaN layer. The p-side contact layer 19 has, for
example, a thickness of 0.10 um and 1s made of p-type GaN
doped with magnesium (Mg) as a p-type impurity.

By a part of the p-type superlattice cladding layer 18 and

the p-side contact layer 19, a narrow-striped ridge 20
extended 1n the resonator direction for current confinement
1s formed. The stripe region in the active layer 15 corre-
sponding to the ridge 20 1s a light emission region (current
injection region). A p-side electrode 22 1s formed over the
p-type superlattice cladding layer 18 and the p-side contact
layer 19 with a buried layer 21 having a layer stack structure
of a S10, layer 21A and a S1 layer 21B 1n between. The
p-side electrode 22 has, for example, a structure in which
palladium (Pd), platinum (Pt), and gold (Au) are sequen-
tially stacked from the p-side contact layer 19 side and 1s
clectrically connected to the p-type superlattice cladding
layer 18 with the p-side contact layer 19 1n between. The
p-side electrode 22 extends 1n a strip shape so as to confine
current, and the region 1n the active layer 15 corresponding
to the p-side electrode 22 1s a light emission region. On the
other hand, an n-side electrode 23 1s formed on the back side
of the substrate 11. The n-side electrode 23 has, for example,
a structure in which titantum ('I1), platinum (Pt), and gold
(Au) are sequentially stacked and 1s electrically connected to
the n-type cladding layer 12 with the substrate 11 and a
bufler layer (not 1llustrated) 1n between.
In the laser diode, for example, a pair of side faces
opposed to each other in the longitudinal direction of the
p-side electrode 22 serves as a pair of resonator end faces.
A pair of reflector films which are not 1llustrated 1s formed
on the pair of resonator end faces. The retlectance of one of
the pair of reflector films 1s adjusted to be low, and that of
the other reflector film 1s adjusted to be high. With the
configuration, light generated in the active layer 15 recip-
rocates between the pair of reflector films and 1s amplified,
and the resultant amplified light goes out as a laser beam
from one of the reflector films.

FIG. 3 illustrates a flat band diagram 1n a conduction band
of the laser diode. The band gap 1n the n-type guide layer 13
having high impurity concentration i1s smaller than that in
the n-type cladding layer 12 having low impurity concen-
tration and 1s larger than that in the 1-type guide layer 14. The
laser diode has an SCH (Separate Confinement Heterostruc-
ture) 1n which the refractive index of the n-type guide layer
13 1s higher than that of the n-type cladding layer 12. Since
confinement of carriers and confinement of light are sepa-
rated from each other, a stable light output 1s obtained.

For example, the laser diode may be manufactured as
follows.

First, the substrate 11 made of, for example, GaN 1s
prepared, and a bufler layer made of the above-described
material 1s grown on the surface of the substrate 11 at a
growth temperature of, for example, 1,050° C. by the
MOCVD (Metal Organic Chemical Vapor Deposition). At
the same growth temperature of 1,050° C., the n-type
cladding layer 12 made of the above-described material 1s
grown by the MOCVD. After that, by the MOCVD, the
n-type guide layer 13, the 1-type guide layer 14, the active
layer 15, the 1-type guide layer 16, the electronic barrier
layer 17, the p-type superlattice cladding layer 18, and the
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p-side contact layer 19 are grown 1n order. The relation of
the impurity concentrations of the n-type cladding layer 12
and the n-type guide layer 13 1s as described above.

At the time of performing the MOCVD, for example,
trimethyl gallium ((CH,),Ga) 1s used as the material gas of
gallium, trimethyl aluminum (CH,);Al) 1s used as the mate-
rial gas of aluminum, and trimethyl mndium ((CH,),In) 1s
used as the matenial gas of indium. As the material gas of
nitrogen, ammonia (NH,) 1s used. As the material gas of
silicon, monosilane (SiH,) 1s used. As the material gas of
magnesium, bis(cyclopentadienyl) magnesium (C.H.),Mg)
1s used.

Subsequently, a not-illustrated mask 1s formed on the
p-side contact layer 19. Using the mask, for example, by RIE
(Reactive Ion Etching), a part of the p-side contact layer 19
and the p-type superlattice cladding layer 18 1s selectively
removed. By the RIE, the upper part of the p-type superla-
ttice cladding layer 18 and the p-side contact layer 19 are
formed as the narrow-strip-shaped ridge 20.

The buried layer 21 made of the above-described material
1s formed on the p-type superlattice cladding layer 18 and
the p-side contact layer 19. An opening 1s formed in the
buried layer 21 1n correspondence with the top face of the
ridge 20, and the p-side electrode 22 1s formed. Further, the
thickness of the substrate 11 1s set to, for example, about 100
um by lapping or polishing the rear face side of the substrate
11 and, after that, the n-side electrode 23 1s formed on the
rear face of the substrate 11. After that, the substrate 11 1s
adjusted 1n a predetermined size, and a not-illustrated retlec-
tor film 1s formed on the pair of resonator end faces which
are opposed to each other. As a result, the edge-emitting
laser diode 1llustrated 1n FIG. 1 1s completed.

In the laser diode of the embodiment, when predeter-
mined voltage 1s applied across the p-side electrode 22 and
the n-side electrode 23, current 1s 1njected 1n the active layer
15, and light 1s generated by electron-hole recombination.
The light 1s reflected by the pair of reflector films and
reciprocates between the films, laser oscillation occurs, and
the resultant 1s emitted as a laser beam to the outside.

As described above, 1n the laser diode, i1t 1s known that
parameters for controlling the kink level are width (W in
FIG. 1) of the stripe (current path) and distance “d” from the
active layer on the side of the ridge to the loss layer (the Si
layer 21B 1n FIG. 1), and 1t 1s eflective to adjust the width
and the distance “d”. The methods, however, have draw-

backs of rise 1n the drive voltage, increase in power con-
sumption, and the like.

In contrast, 1n the embodiment, the impurity concentration
of the n-type guide layer 13 close to the active layer 135
among the n-type layers 1s set to be higher than that of the
n-type cladding layer 12 far from the active layer 15. By
setting the impurity concentration of the n-type guide layer
13 close to the active layer 15 to be higher as described
above, more preferably, to be three times as high as that of
the n-type cladding layer 12, the carrier injection efliciency
increases, and the hole burming i1s suppressed, so that the
kink level improves.

FI1G. 4 1llustrates the effect (stripe width dependency) on
the kink level in the case where, 1n the laser diode having the
above-described structure, silicon (S1) 1s added as an
example of the n-type impurity of the n-type cladding layer
12 and the n-type guide layer 13, the concentration of the
n-type cladding layer 12 is set to 1x10"® cm™ and that of the
n-type guide layer 13 is set to 1x10'” cm™ (circle in FIG. 4).
As a comparative example, results of the case where both of
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6

the concentrations of the n-type cladding layer 12 and that
of the n-type guide layer 13 are set to 1x10'® cm™ (square
in FIG. 4).

As obvious from FIG. 4, in comparison to the compara-
tive example in which the n-type layer has the uniform
concentration proiile, in the embodiment in which the n-type
guide layer 13 1s set as the high-concentration region, the
kink level improves even 1n the wide stripe width (W=1.40
to 1.50 um), stable operation i1s achieved. That 1s, 1t 1s
understood that the kink level 1s improved without a mea-
sure such as narrowing of the stripe width or the like 1n
related art.

In the embodiment as described above, the n-type guide
layer 13 close to the active layer 15 1n the n-type layers 1s
set to be the high-concentration region whose impurity
concentration 1s higher than the n-type cladding layer 12 far
from the active layer 135, so that the kink level of the L-I
characteristic improves. Therefore, the laser diode of a high
output, having the stable horizontal transverse mode 1is
realized.

In the embodiment, the kink level 1s improved without
using a method such as narrowing of the stripe width like in
related art, so that the margin of productivity 1s enlarged, and
the device characteristics which were sacrificed by suppres-
sion of kink are improved. In addition, in the embodiment,
it 1s suilicient to simply increase the doping concentration of
a part of the n-type layer, so that the disclosure 1s realized
without changing the manufacturing process in related art.

Although the present disclosure has been described above
by the embodiment, the disclosure 1s not limited to the
embodiment but may be variously modified. For example, 1n
the foregoing embodiment, the band gap 1n the n-type guide
layer 13 close to the active layer 15 1s set to be smaller than
that in the n-type cladding layer 12. However, the disclosure
1s not limited to the embodiment. As illustrated in the flat
band diagram of FIG. 5, the band gap 1n the n-type guide
layer 13 close to the active layer 15 may be set to be larger
than that in the n-type cladding layer 12. To change the size
of the band gap, it 1s sullicient to change, for example, the
content of the aluminum (Al) contained 1n the n-type clad-
ding layer 12 and the n-type guide layer 13.

Although the high-concentration region 1s set to the
n-type guide layer in the foregoing embodiment, the guide
layer may not be provided and a partial region on the side
closer to the active layer, 1n the n-type cladding layer may
be set to the high-concentration region.

Further, the materials of the layers are not limited to those
in the foregoing embodiment. Other nitride I1I-V compound
semiconductors containing at least gallium (Ga) in 3B-group
clements and at least nitrogen (N) 1n SB-group elements may
be used. The composition ratio and thickness of each layer,
the film forming method, and the like may be similarly
changed. For example, although the case of forming the
layers from the bufler layer to the p-side contact layer 19 by
the MOCVD has been described 1n the foregoing embodi-
ment, the layers may be formed by another metal organic
chemical vapor deposition such as HVPE, or the MBE
(Molecular Beam Epitaxy) or the like.

In addition, although the laser diode of the gain gwde
structure has been described 1n the foregoing embodiment,
the disclosure 1s also applicable to a laser diode of the index
guide structure.

The present disclosure contains subject matter related to
that disclosed in Japanese Priority Patent Application JP
2010-153770 filed 1n the Japan Patent Oflice on Jul. 6, 2010,
the entire content of which 1s hereby incorporated by refer-
ence.
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It should be understood by those skilled in the art that
various modifications, combinations, sub-combinations and
alterations may occur depending on design requirements and
other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

What 1s claimed 1s:

1. A laser diode comprising:

a p-type compound semiconductor layer that includes a

ridge;

an n-type compound semiconductor layer that includes a

bufler layer, an n-type cladding layer, and an n-type
guide layer; and

an active layer between the p-type compound semicon-

ductor layer and the n-type compound semiconductor
layer,

wherein a concentration of an n-type impurity in the

n-type guide layer 1s at least three times as high as a
concentration ol an n-type impurity in the n-type clad-
ding layer,
wherein the n-type guide layer has a band gap larger than
a band gap of the n-type cladding layer.

2. A laser diode comprising:

an n-type guide layer between an n-type cladding layer
and an undoped i1-type guide layer, the undoped 1-type
guide layer 1s between an active layer and the n-type
guide layer; and

a buller layer between a substrate and the n-type cladding

layer,

wherein a concentration of an n-type impurity in the

n-type guide layer 1s greater than a concentration of an
n-type impurity in the n-type cladding layer, the con-
centration of an n-type impurity 1n the n-type guide
layer 1s greater than a concentration of an n-type
impurity in the bufler layer.

3. The laser diode according to claim 2, wherein the
concentration of an n-type impurity in the n-type guide layer
1s at least three times as high as the concentration of an
n-type impurity in the n-type cladding layer.

4. The laser diode according to claim 2, wherein the
n-type guide layer includes aluminum (Al), gallium (Ga)
and nitrogen (N).
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5. The laser diode according to claim 2, wherein the active
layer includes gallium (Ga) and nitrogen (N).

6. The laser diode according to claim 2, wherein the
impurity concentration of the n-type guide layer lies within
a range from 3x10'® cm™ to 1x10*' cm™ both inclusive.

7. The laser diode according to claim 2, wherein the
impurity concentration of the n-type guide layer lies within
a range from 5x10"® cm™ to 1x10°° cm™ both inclusive.

8. The laser diode according to claim 2, wherein the
n-type guide layer has a band gap narrower than a band gap
of the n-type cladding layer.

9. The laser diode according to claim 2, wherein the
n-type guide layer has a band gap larger than a band gap of
the undoped 1-type guide layer.

10. The laser diode according to claim 2, wherein the
n-type guide layer has a refractive index higher than a
refractive mndex of the n-type cladding layer.

11. The laser diode according to claim 2, wherein the
substrate comprises n-type GalN.

12. The laser diode according to claim 2, wherein the
concentration of an n-type impurity 1n the n-type guide layer
1s at least three times as high as the concentration of an
n-type impurity in the builer layer.

13. The laser diode according to claim 2, wherein the
active layer 1s between a p-type compound semiconductor
layer and an n-type compound semiconductor layer.

14. The laser diode according to claim 13, wherein the
p-type compound semiconductor layer includes a ridge.

15. A laser diode comprising:

an n-type guide layer between an n-type cladding layer

and an undoped 1-type guide layer, the undoped 1-type
guide layer 1s between an active layer and the n-type
guide layer,

wherein the n-type guide layer has a band gap larger than

a band gap of the n-type cladding layer, a concentration
of an n-type impurity in the n-type guide layer 1s greater
than a concentration of an n-type impurity in the n-type
cladding layer.
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